Figure 1. Development of a Localization Assay that Quantitatively Measures RNP Formation and Accumulation in the Wedge
(A) Repeated sequence elements within the VgLE and VegT440. As noted previously [12] , within the VgLE there are two copies of E1 (UAUUUCUAC, yellow), five copies of E2 (UUCAC, red) (one is imperfect-UUGCAC), two copies of E3 (UGCACAGAG, turquoise), and four copies of E4 (CUGUUA, green). Two of the three copies of VM1 [13] (UUUCUA, hatched) are embedded within the E1 repeats. Small diagram to the right: single E2 nucleotide substitutions that had little effect on Vera crosslinking to a tandem E2 probe [1] We were surprised that non-E2 repeated motifs are contexts: here using the native 366 nt VgLE ( Figure 3A ) and previously [13, 16] using two tandem copies of a not localization signals in VegT440; previously, using a nonquantitative assay [12] , we concluded that deletion 135 nt VgLE subelement. Also, the two studies collected data differently: here, from pigmented oocytes and only of E1s, E3s, or E4s within VgLE affect localization partially [12] . This apparent inconsistency between VegT from sections embedded in plastic (important for preserving the appearance of particles or subregions of and Vg1 prompted us to actually measure, with the new assay, the roles of all the repeated elements in VgLE.
are indicated as permitted substitutions. A 440 nt subregion of the VegT 3ЈUTR contains four perfect E2s (UUCAC) and a single imperfect E2 (UUGCAC). Other repeated elements, distinct from the repeats in VgLE, are also evident within VegT440: two copies of E1-T (GUGGUGGU), two copies of E3-T (CUAACUCU), two copies of E4-T (CAUUUUC), and two copies of E5-T (UGUGUG). (B)
RNA in the wedge); previously, from albino oocytes and primarily from whole mounts, although sections of parafIn agreement with the previous study [12] , VgLE RNAs missing all five E2s failed to show any sign of localized fin-embedded oocytes were also published [13] . These technical points may underlie a discrepancy in the pub-RNA ( Figure 3A) . But contrary to the earlier study, quantitative analysis indicates that localization of VgLE conlished images of localized RNA: here, the pictures reveal localized vegetal RNA as particles-predominantly in structs lacking the other repeated elements is diminished relative to wild-type VgLE ( Figure 3A ) to a the wedge but also in a band at the cortex; the earlier study shows primarily the cortical component [13] . It is statistically insignificant degree. Moreover, unlike the ⌬aE2 VgLE mutant, which fails to compete localization conceivable that mutations of repeated elements other than the E2s, e.g., the VM1s, result in a subtle change of X␤G-VgLE ( Figure 1C ), the other VgLE mutants (⌬aE1, ⌬aE3, and ⌬aE4) competed localization as well as wildin the distribution of localized RNA between the wedge and the cortex and that this was emphasized in the type (data not shown).
We believe our earlier conclusions-that deletions of earlier study due to the lack of the wedge component. However, our pictures also reveal localized injected RNA repeated elements E1s, E3s, and E4s meaningfully affected localization-were misguided for two reasons: right at the cortex, and the distribution of RNA between the wedge and the cortex seems unchanged by mutation (1) the pictures of localized RNA revealed by the older autoradiographic assay were inherently less clear and of the other repeated elements. Therefore, it seems unlikely although not entirely inconceivable that repeated more variable than the images reported here, making it difficult-and, in retrospect, impractical-to distinguish elements other than the E2s contribute to a step in localization that delivers or anchors RNA at the cortex. partial effects; and (2) we did not have a means to rigorously quantify localization-we followed the convention To this point, the findings with VegT and Vg1 concur that the E2s have the commanding role in directing tranof rating localization on a subjective scale (i.e., ϩϩϩ 
] (Av and Avi). A dinucleotide mutation of UUCAC→ACCAC that permits Vera X-linking only partially affects localization activity when introduced into all the E2s in VgLE (Aiv and Avi). Quantification of localization (Avi) (n ϭ 6). (B and C) VegT440 and VgLE RNAs compete for the same localization factor(s) in vivo. (B) VegT440 competes the localization of X␤G-VgLE RNA (Bi) in an E2-dependent manner (Bii). Quantification of localization (n ϭ 6). (C) VgLE competes the localization of X␤G-VgT440 RNA (Ci) in an E2-dependent manner (Cii). Quantification of localization (n ϭ 6).
Note that VgLE is a more efficient competitor than VegT440. ND, not detectable. Scale bars, 100 m. script localization. We next wished to address whether 32 P-VegT440, the E2 mutant (UUCAC→UUUGC) crosslinks less efficiently to Vera, while other proteins (e.g., the E2s in the two contexts are functionally equivalent, i.e., do they interact with the same trans-acting factor(s), a strong band at ‫05ف‬ kDa) are crosslinked equally to wild-type and the E2 mutant. Thus, VegT440 crosslinkthought to be Vera protein [1] ? Figure 3A indicates that the E2s in VegT440 and VgLE have the same sequence ing to endogenous Vera is specific and E2 dependent, similar to VgLE [1, 12] . We also verified that unlabeled selectivity for localization, which accords with the sequence-selective crosslinking of Vera to a tandem E2 VgLE and VegT440 RNAs compete crosslinking of endogenous Vera to a 32 P-VgLE probe in an E2-dependent probe [1] . Moreover, in vivo competitions indicate that VegT440 and VgLE crosscompete for localization facmanner ( Figure 4D) . Interestingly, the competition efficiencies of VegT440 and VgLE for Vera binding differ tors in an E2-dependent manner ( Figures 3B and 3C) ; this supports the hypothesis that their localization rereproducibly in proportion to the competition efficiencies of these two RNAs for localization of VgLE in vivo quires Vera binding.
In the presence of oocyte cytoplasm, Vera binds VgLE (Figures 3B and 3C ). These data extend the correlation between Vera binding and localization. in a sequence-selective, E2-dependent manner [1, 12] (Figures 4A and 4B) . To address whether Vera similarly To date, the evidence that Vera is involved in RNA localization is correlative: Vera and its homolog in chick interacts with VegT440, we employed a UV crosslinking assay that optimizes crosslinking of endogenous Vera embryo fibroblasts, ZBP [3] , bind specifically to the LEs of their target transcripts, Vg1, VegT, and ␤-actin RNAs, protein to 32 P-VgLE added to oocyte cytoplasmic extract [1, 12] . Figure 4C shows that endogenous Vera likewise respectively, and this binding is abrogated by mutations in the target RNAs that abrogate localization. Still uncrosslinks specifically and in an E2-dependent manner to a 32 P-VegT440 RNA probe: compared to wild-type clear, however, is whether disruption of Vera abrogates When added to the RNP formation reaction, the affinity-purified anti-Vera antibody supershifts (arrows) the RNP that is specific for VgLE RNA. This presumably accounts for how this antibody inhibits VgLE and VegT440 localization. The antibody supershifts the RNP specific for wildtype VgLE but not the RNPs produced by X␤G RNA or the mutant ⌬aE2 VgLE RNA, which bind poorly to Vera in extracts and do not localize in oocytes. A control antibody (IgG fraction from normal rabbit serum) does not supershift the VgLE RNP. We note that the antibody added to these reactions is in the same proportion to cytoplasm as that injected into oocytes (E), which inhibited localization by ‫;%05ف‬ under these conditions, ‫%05ف‬ of the RNP is supershifted (F).
RNA localization. To address this question, we utilized
In summary, our findings make several points. We have (1) found a method to quantify localization; (2) an affinity-purified peptide antibody raised against the Vera C terminus (see Figure 4A) The principal point of this study is to provide direct evidence that localization signals can be shared among icant. What is more, as shown in Figure 4F , biochemical studies with oocyte cytoplasmic extract indicate that different transcripts. They are not necessarily unique to a particular transcript, as might have been anticipated this amount of antibody injected into the oocyteswhich is the maximum that can be achieved-would [11] . This conclusion concurs with that of another recent study [17] , in which some transcripts that localize to the be expected to bind approximately one-half the oocyte Vera. These biochemical data correlate with the localizapoles of Drosophila oocytes are also recognized and localized properly in a different context-that of the early tion data and together support the hypothesis that Vera is required for both Vg1 and VegT RNA localization.
embryo. That study established that the localization ma- 
